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Thyroid Neoplasia as a Late Effect of Acute Exposure to Radioiodines in Pallout*_
This report concerns the recent develop@enc of thyroiﬁ neoplasia in
82 Marshallese people of Rongelap island who‘weré accidentally exposed
to fadioactive fallout in 1954 during the tegting of thermonuclear :‘ -»:"".j
devices in the Pacific proving grounds. During the two days before : |
evacuation 64 people on Rongelap island received a whole body gamma
doserf'about 175 rads and 18 other Rongelap people on a nearby island :::”j'
about 69 rads. 1In addition they sustained serious skin exposuge andﬁ’.
signfficant internal absorétion of radionuclides. A third populafion .
on the island of Utirik, 150 miles.east of Rongelap, received oﬁlyta
slight exposure and this group will only be referred to briefly in
- this report. By 1957 the radiocactive contamination of Rongelap island_-r
héd reduced sufficiently to allov the pepple:to be returned. At that
time a new village was constructed for them (Fig..l). Fortunately over»l
200 Rongelap people (relatives of the exposed group) who had not been
'exposed to fallout returned also and have served as an exceilent
" comparison pbpulation. S
Annual medical examinatio;s during the past 15 years have documented»:. » .
the acute and lafe effects of this‘éxposure on these populationsl-3, The |
people of Rongeiap had early acute Signs:of,exposure including anorexia,.
nausea and vomiting followed later by the development of signifiéant
but transient depression of the férmed elements in their blood. However,
no infections or bleeding tendencies were noted_and no deaths occurred
which could be attributed to'radiation exposure. No prophylactic or

specific therapy was given. Radioactive contamination of the skin resulted
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in the development of lesions-('"beta burns') and spotty epilation of the
" head in the majori&y of the people between 2 and 4 weeks following
exposure, The skin lesions healed within several weeks aﬁd the hai~
regrewASy 6 months., Some of the people gad slight residual atrophy,
scarring and pigment changes of the skin. The acute effects appeared
to be more severe in the children than in adults. No acute effects
of the internal exposure to the radionucliaes weré noted in the people |
.and the full significance of this exposure was not appreciated at that timei' -
‘Until the development of thyfoid abnormalities 5 years ago, only ' | |

a few possible late effects of exposure were observed in the Rongelap
people. These have been described in detail in other reportsl'3 and are
b :

'

only briefly summarized here. During this period the general health

of the exposed population remained about as géod as that of the unexposed,
I '
populationr: 1living on the same island with no illnesses that could be

attributed to radiation exposure., A slightly:higher death rate was noted

in the exposed group but this may have been dée to the larger number of |

older people in that group. Of possible significance has been the coﬁtinuing ¢ '
slight depression of the mean peripheral blooé levels in the expésed |
population compared with those that were unexéosed. About twice the inciaéncé

of miscarriages and stillbirths were noted in ‘the exposed women during

i

the first 5 year period but general fertility in the éxposed people appears )

to have been about the same as that in the unexposéd based on the number of -

. B
/
!

live births, No malignant lesions of the skin and no cases of leukemia have
|

developed. Two cases of cancer of the female genltal tract in exposed women

-

DOE ARCHjyLg

3



compared to none in the unexposed group have occurred. Attempts to
quantify aging changes did not indicate any premature aging effects

in this exposed population. Studies of chromosomes and peripheral

.blood cultures of the Rongelap people at 10 years post expoeure

indicated that small numbers of chromosome aberrations of the type-
usually associated with radiation exposure were still present.

One of. the more important findings nofed:within a few years after“
radiation exposufe was slight retardatien of growth in some of the
exposed children as ev1denced by extensive anehropometrlc measurements

and skeletal maturation studies. The retardation of growth was most

* notable in boys who had been exposed when less than 5 years of age

i

.'partlcularly in two boys exposed between 15 an 18 months of age3 o

Thyroid lesions. ‘

" Estimations of radiation dose to the thyroid gland, .Unfortunately'. EEE

‘the calculations of dose to the th}roid from the absorption of radionuclides -

in the fallout had to be based on radiochemical urine analyses that were

obtained several weeks after the accident. It was known that there were

several isotopes of iodine in abundance in the fallout(131’132’133’1351).
These iodine isotopes gaineé entry into the bedy from inhalation and from
consumption of contaminated food and water during the two days before the

people could be evacuated from the island. It was calculated that the

" thyroid gland on the average accumulated roughly 11.2 mCi of 1311 on the

first day of exposure. The extrapolated dose to the adult thyroid of the

people on Rongelap was 160 rads from all the fadioiodines plus 175 rads from - -

: | - | |
gamma radiation. Due however, to the smaller,size of the thyroid gland in
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. children and to other factors it was estimated that the thyroid of é
3 to 4 year old child received 700-1400 rads:from radioiodines {in
addition to 175 rads of gamma radiat‘on. 1In view of thyroid atrophy
that developed -in 2 boys it muét be conceded that the doses to the

thyroid in these 2 cases must have been considerably higher,

Early thyroid studies.

Even before the devqlopment of thyroid nodules was notéd the évalua;ionl
of thyfoid‘status of the exposed individuals received considerable attenﬁioq
since it was recognized that the slight growth retardation noted in som% |
of the ‘children might be related to radiation effects on that gland,

However, based on physical examinations and serum PBI and cholesterol
determinations each individual examined was believed'to be euthyfgid.
Later, studies ofAserum fodines indicated that the Marshaliese.normally
pésse§s higher levels of iodoproteins than is usualiy found in other

' populations. Thus the higher than expected PBI values in- some cases
may have obscgred incipient thyroid deficiengy at'the time of early

* observations%, » ;

Development of thyroid lesions.

Nine years after the accidént an asymptomatic thyroid nodule waé
detected during routine annual physiéal examinations in a 12 year old
girl and the following year two 13 year old girls who had been exposed
were also fdund to have nodules of the gland. . Since then increasing
numbers of thyroid abnorma11t1es have appeared in the exposed Rongelap
people{ In 19 people nodularity of the gland has been the prominent - - ..

finding while in 2 additional boys atrophy of the gland has developed.

'~ ' DOEARCHIVEs
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The nodules were usually multiple, non-tender and varied in consistency.,

In some instances enlargement of one or both lobes was noted. Surgical
exploration, to be described below, has been carried out in 18 of tie

19 nodular thyroid glands. Benign adenomatooe lesions were found in all

with the presence of malignant lesions also present in 3 of these cases,
}

One adult with somewhat less signif icant nodularity of the thyroid is

- still under observation. 1In view of the seriousness of thesge developments
| :

in the thyroid a panel of experts advised that the people be given

supplemental thyroid hormone. This treatment was instituted in September 1965

|
Table 1 outlines the 1ncidence of benign nodules (including atrophy

of the gland), the malignant ‘lesions and the estlmated dose of radiation tof;}
' .
the _thyroid glands in the various populations under study. The highest

incidence of thyr01d lesions (89.5%) has been noted in the heavily exposed ?".
Rongelap children who were less than 10 yearsfof age at the time of the |
accident, The absence of lesions in children!of the same age in the lesser’ ~
enposed and unexposed groups. is most notable.f The incidence of thyroid ,
.1e51ons in the adults of the more heavily expLsed group is con51derab1y

lower than in the children but _is signlflcantly higher than is generally
‘seen in the adult population of the lesser or unexposed groups. (Only one
individual has been found to have an adenomatous thyro1d 1e51on.in ther
lesset exposed Rongelap group.) -

The first casejof carcinoma of the thyroid was discovered in 1965 in 
a 40 year old woman in the heavily exposed group, 11 years after exposure,
At that time the relationship of radiation exposure to the appeatance

of this lesion was seriously questioned, although such lesions are.rare
R . - i

i ¢
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in the Marshallese. However, in September 1969 surgical exploratfon of -

fhe'thyroid on S Marshallese with palpable nodules rcvealed malignaﬁt o
! . ‘

[

lesions in 3 additional people. Two of the malignant lesions occurred
: | : : :
in women in the more heavily exposed Rongelap group, one in a 36 year

‘old female who was 21 ysars of age at the time of exposure and one in a 22 year
old female who was 7 years of age at the time of exposure. This latter

}
'

case represents the first malignant thyroid lesion to be noted in the

group of heavily expésed children whb have Ehe:highest inc
. i

idence of bénign

lesions. These recent findings greatly increase the concern about radiation

-induced neoplasms in this populatidn. The third individual with a malignant
lesion was noted in a woman from Utirik island% Since the dose of radiationrf;.
~ received by that group was very low, it is highly improbable that this

lesion is attributable to radiation exposure. ’ R e

.Surgical exploration of thyroid nodules, ,
Thyroid operations have Beeq performed at the following times: 3 in .
1964%, 3 in 1965%, 5 in 1966w, 3 in 1968%*, and 5 in 1969w+

At surgery the gross appearance of most of the thyroids were lobulated

but in addition contained grossly discrete masses (See Figg,2.4) ,The benign t-l

' !
thyroid lesions exhibited multiple nodules varying in size from a few .

. |
millimeters to several centimeters. They varied from soft to firm in

consistency, and were hemorrhagic or in many instances cystic. It was
: . .
noted in some that there was increased fine vacularity over the surface

of the gland similar fo_that which has been noted in thyroids which had

!

i
|
i
[

been treated with large doses of 131y for hypefthyroidism. ‘Some of the

*by Captain C.A. Broadus(MC)USN, U.S. Naval Hospital, Guam.
**by Dr. B. P. Colcock, New England Deaconess & Baptist Hospitals, Boston, Massachuset
***by Dr. B. M. Bobyns, Cleveland Metropolitan General Hospital, Cleveland, Ohio.
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rccent patients had received small tracer doses of radioiodine the day.
~Sefore surgery so that the nodular tissue could be measured for radioactiye

content at the time of surgery, The C'screte lesions in many instapces

showed 1311 uptakes which were different from the extra nodular tissue. 'Most.f':
of the discrete Benign lesions showed less uptake than the extra nodular

surrounding tissue (Fig. 5 ). Measurement of radioiodine in the malignant
tissue was found to be nil compared with the surrounding more normal tissue.

ﬂicroscopic examination of the benign 1esions.revealed marked variatiqn.

in - size of follicles. The cells of some follicles appeared atrophic, - ,b._
while others were hyperplastic, which was reminiscent of iodine deficiency
goiter (Fig. 6 ). 1In addition to the gross adgnomatous masses in the 15
thyroids which were classified as benign thgre4were multiple microscopic -

clusters of what appeared to be atypical proliferating cells here and

Fhe?e in the parenchyma of some of these thyroids (See Figs.7 and 8).

.

Microscopically the thyroid carcinomas were considered of low grédej

ot

malignancy and varied in structure from papillary to mixed papillary and:'
follicular type. Benign adepomatous changes were also qoted in the glands;-
All showed capsular invasion and_in 2 caséé localized metastases to lymph-
nodes was present and in 2 other cases blood vessel metaégases were noted .
(Figs. 9 and 10 ). Total.ghyroidectomies were performed in all 3 caées

of mélignancf and a leét radical cervical iyﬁph node dissection was

carried out in 1 casefbecause spread to lymph nodes was seen. No
ro. . ‘
metastases have been recognized beyond the cervical region in any patients.
; : o
i
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Thyroid functions; correlation with retardation of growth in children.

In some children with thyroid lesions, deficiency in serum thyroxing
has been correlated with retardation of growth. The most striking 'nstances
of hypothyroidism were in two boys who showed marked retardation of statural .
growth and bone age. By 1964, they had developed-obvious atrophy of the
thyroid gland with‘almost complete loss of thyroid function as evidenced
by a failure of the thyroid to take up much if any iodine even after TSH
stimulétioni. By this time there were low thyroxlﬁe and very high TSH 1evg1q
in’ the blood. . They showed bony dysgenesis,.sluggish Archilles tendon ) .?:
reflexes, puffy'faces, and dry skin, Their response to thyroid hormone.'
_supplement as evidenced By growth spurt, improved appearance, etc. ha; o
- been dramatic (See Figs. 11 and 12) ,Several otﬁer childreq who displayed
thyroid nodulariy and whose statural growth was bgiow average sbéwedﬁlow
or.low-normal serum thyroxine values and poor rgdioiodine uptake after
TSH stimulation indicating thét th;ir thyroids were functionall& impaired
. L and operating near their maximum capacity. Functional deficiency of the'.

thyroid was not demonstrated in adults with nodules or carcinoma of the =

thyroid. - : -

Influence of physiological sfresé on thzzpid>abnorma1ities.

An assessment was made of the relationship of the development of puberty

to the occurrence of thyroid nodules. Degrées of pubescent changes have
been recorded annually by a grading system, The two boys that showed

greatest retardation of growth had developed atrophy of the thyroid gland

: . : BRI
before puberty. Here changes associated with puberty were delayed. There
may be_some association between the apparent increased demand for thyrdid

i
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hormone at puberty and the appearance of thyroid nodules sincein 10 children
\thyroid nddules appeared near the expected or actual time of puberty. 1In

5 other children (2 males and 3 females) in this group the nodules appeared

"1 -to 3 years after puberty and in the‘females Qere associated with pregnanéies.
In evaluating the influence of pubérty and pregn;ncy it should be pointed out
that the latent period between exposure and thé developmenf of thyroid- |
abnormalities was fairly-constant in all of these children, varying Egtween

10 and 13 years, so that the above findings ma? have been fortuitous. In the

i

4 women who developed carcinoma of the thyroid;the possible influence of the
, | S
stress of pregnancy must be considered since all had multiple pregnancies in

the years preceding the development of lesionsL‘
{
i

~

Sex inéidencé.

The-ratio of benign thyroid lesions occurfing in the-Rongelap population
' !

.was females 1.3 to males 1.0. The findings may be misléading since all of the

females in the group exposed at less than 10 yéars of age had lesions whereas
l ~ |

2 males in the group did not. The fact that all 3 malignant lesions of the
' . { -

' .
thyroid were in females is consistent with reported statistics.showing

, .
preponderance of such lesions in femaless.

DISCUSSION

At the time of appearance of the first malignant thyroid lesion in the
more heavily exposed Rongelap group several years ago numerous benign
adenomatous th&roid nodules had appeared which were suspected of being

related to the radiation exposure. However such an etiological relationship
. | A

to the single isolated malignant lesion- found at that time was speculative,
. ! ‘ : : | !

- . I .
With the findings of 2 additional individuals with thyroid carcinoma in

-

-
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this group (3 aﬁong 21 thyroid lesions in 67 Rongelap peoplé exposed)
makes the efiological role of radiation exposure increasingly probably.
For the time being the single malignc..t lesion . found in the thyroid

of the woman from Utlrik atoll cannot be attrlbuted to radlatlon exposure

because of the low dose of radiation received by the people from that atoll.

The significance of'radiatidn exposure of the thyroid glands in the v
Rongelap people had not been fully appreciated until the actual appearance
of thyroid lesions. More careful review of the dose calculations indicated

that considerable exposures from radioactive iodine absorption had probably

occurred particularly in the children. The exposure of the Rongelap people ;.

- was not comparable to exposure of populatlons from fallout from reactor ,{' f“

accidents where radionuclidé§ are chiefly absorbed from contaminated milK L

obtained from cattle grazing on contaminated pastures. In the Marshall =~ - =~

i;}ands there are no cattle and no local milk supply, (Mothers milk may
. have contributed to the radioiodine absorption in 2 children who.were~
reported to have beeninursiﬁg>at the'ﬁine of the accident)., But tﬁere
was heavy contaminaﬁion of food and‘water supélies on Rongeiap aﬁd é'
relative abundance of radioiodines in the fallout: The dose to the
'thyroid glands was greatgr by a factor of 2 in adults and a factor of
about 7 in children over that to other organs of the body.

Numerous animal studies have’demonst?ated the.role of radiation in
the etiology of thyrbid neoplasmsG's; In the human beingvthe development
of thyroid nodules and cancer from X-irrédiationg'lo, particqlarly wheﬁ
the radiation.of the gland occurs in infancy and c:hildhood1]"'.13 is well

documented. Development of gsuch lesions from radioiodines has also been

»
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seen in animals but has been less frequently observed in human beings.

b : .rEight cases of nodular goiter have been reported by Sheline

t al.9 in

their followup study of 250 cases treated for hyperthyroidism, Six of

these cases were irradiated before 20 years of age and 4 before 10 years

of.age. One case showed a possible invasion of the thyroid capsule.

The incidence of thyroid nodularity in the exposed Marshallese is

considerably higher than has been reported bf Pincus1l and Hempelmann13 )

in their studies of populations who had been exposed to therapeutic

X-irradiation'of,the neck region at a young age. However when comparison

is made on a risk per rad basis the incidence is quite comparable with

. 51 cases per 10° persons per rad per year for the Marshallese and 24

cases for 1 group and 64 for a second group 108 persons per rad per yedr

calculated by Pincus and Hempelﬁann; This comparison seems to indicate

similar effectiveness per rad of X-radiation éompared with per rad dose

o '

from radioiodine exposure.

The 3 malignant lesions of the thyroid réported herer in the heavily _V

exposed Rongelap people appear to be the first such cases.clearly associated

with radioiodine exposure with the exception of the one possible malignant

}

thyroid lesion reported by Sheline éﬁ.ﬂl'g ?

Based on the incidence reported by the Trust Territory of carcinoma

of the thyroid among the 17,000 Marshallese, the expected incidence in.

the Rongelap high exposure group would be 0.056 cases over the 15 year

period. The finding of 3 cases (5.6% incidence) thus represents a considerable

increase over the expected number of cases (P>0.01, Xz test); Among  the

157 Utirik people about-O.lﬂ cases_would be expected with 1 case reported.

.
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It seems less likely that this single isolated case among the Utirik people
'would involve rudiatibn etiqlogy in view of the low dose received by thié
group and the fact that no nodular lesions had béen noted among the children,
'Based‘on the present inciden;e of thyroid malignancy in the high exposure
Rongelap group the risk for development éf this malignancy per 108 peg
person per rad per year is 3 cases for the chlldren exposed at less than
10 years of age, 10 cases for the older people and 5.6 cases for the group
~as a whole. The risk in the Marshallese children is not inconsistent with
that reported by others13, |

it has been géﬁerally belie&ed that radioiodine.exposure wa§ less
_effective than X-radiation in pfoducing thyroid lesions Eased primarily .
_on the fact that few thyroid tumors had been noted foliowing radioiodine .
therapys. It seems likely, however, that thejscarcityrﬁf such findings». s
is felated'to.the high doses of radiation used (5;10,000 rads or more
in the treatment of hypertﬁyroiéism and 50,000 rads or more for ablation
of the gland to ameliorate symptoms in certain diseasés). Such doses
probably are so destructive that théy preclude proliferative activity
and malignant tfansfo;mation in_such.damaged.glands. The increasing
incidence of hypothyroidism with;ut tumor forﬁation, years aféer treatment
of hyperthyroid patients.with radioiodines illustratesvthis point. Itihas -
been shown that tumor formation in animals is not always a dose dependent
phénomenonls. Shellébarger ef ai 16 showed that breast tumors in rats
reached a maximum incidence at about 400 rad énd the occurrence of neoplasms
fell off with higher doses. LlndseyAEE él.a #eported that doses of 1311

in rats in excess of 200-400 pCi were less ca%cinogenic than lower doses.
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Mark and Bustad report similar findlngs in shecp17 Though the dose to

- the thyr01d gland in the Marshallese was generally considerably below the

dose of 1311 ysed for therapy of hypc -hyroldlsm it is llkely that the

doses received by some of these children were 'in excess of the optimum .

{
!

‘carcinogenic range and therefore the true risk per effective rad may be -

i .
greater in this group. The paradoxical finding of greater risk in the

older group appears to be in line with this reasoning. .The two stunted»L

J‘Marshallese boys who showed almost complete atrophy of thelr thyroid

B glands with no evidence of nodular development are probably c0mparab1e
l

;:_to those cases of hypothyroidism developing in patients years after
i

- ‘Teceiving radioiodine therapy. It should be pointed out that the thyroid_flfiw‘

t

exposures in the Rongelapese'were slightly different from patients treatedi7¥:~hh°""

with 1311 pecause their thyrords were not hyperplastlc when exposed and at iv

|

B least part of the radlolodine isotopes to which they were exposed were *{j

{ of shorter half 1life than 1311, In addition their exposure was complicated';;-f

..~by gamma radiation. — ‘

There were some factors secondary to radiation exposure that might'

have enhanced the development of'thyroid lesiQne in the Marshallese.‘-Iodine.s?{td

deficiency or presence of goitrogensin the diet did not appear to be ambngiﬁﬁ,-?

.;these. However the physiological stresses of ! puberty and pregnancy may v-

’ have played role in the development of the lesions. For instance the
i
| .

A B

'

development of 10 caees of nodular goiter in the children during or near',_f;j

the time of puberty might indicateAthat this atress may have enhanced nodular

development, In 3 females that developed thyroid nodules later the demand

of multiple pregnancies may have been related.! However since the latent

/93
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pcriod between exposure and nodule dxscovcry varied only between 10

and 13 years it may be argued that development of thyrecid nodules was

independent of these stresses. On th . other hand it is noteworthy chat

all of the women who developed malignant thyroid lesions had multiple S

pregnancies prior to the appearance of such neoplasms.

The development of thyroid nodules in the Marshallese showed only'.‘

~a slight preponderance in favor of the females (1.3 to 1. 0) This is .:-

similar to the near equal sex ration reported by Toyooka et al, 12 for_’

thyroid nodules developing in persons irradiated over the neck region _:g If

"in infancy. However, in the case of carcinoma of the thyroid the ekpeeteda'fQ"~

. female preponderance occurreds.

The insidious development of growth retardation in some of the

1

|

Marshallese children before clinical evidence of'thyr01d abnormality or:

.All possible steps are ‘being taken so that the children will adhere'to'_'z

i

'K-deficiency was recognized demonstrates the apparent sensitivity of growth -
: ‘ . L . ' _ L
and developmental processes to borderline or subclinical thyroid deficiency. - . -~

. the present thyroid treatment schedule so thet thye will achieve satisfacﬁory'.f

growth and maturation. - -~

i

‘Careful medical surveillance of these ekposed peopleVincludinghthese'.v

on Utirik will be essential in future years.;

The latent period for the

" development of cancer was 7 years in one case and 14 and 15 years in the

other-two. The fact that there may be a longer latent period for the .

Y

induction of malignant change is borne out by a report by Goolden who

noted the development of thyroid cancer 40 years after radiation exposurew.I

It may be that we are just reaching the critical period in the post-radiation

observations.

-
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associated with radiation-induced lesions of that gland. Supplemental

S IMMARY

éyqng the 67 people of Rongelap island now living (of the original 82)
who were accidentally exposed to radi active faliout in 1954, 3 have developgd
a malignant lesion of th; thyroid, 16 have develop?d benign nodules of the
thyroid and 2 have atrophy of the gland w%th hypothyroidism. These findings:.
indicape the seriousness-of the exposure to rédioiodines in fallout, The.
preponder;nce of thyroid lesiéns have occurred in persﬁns who Qere children :
less than 10 years of age when exposed. Thyroidectomy, partial to complete, 

has been carried out in the United States on 18 Marshallese persons, The

findings are deécribed. Slight retardation of grbwth in some of the exposed -

.children is correlated with demﬁnstrable deficiency of the thyroid hormone

+ thyroid hormone treatment seems to be promoting skeletal growth in some

_of these children. The possible influence of puberty and pregnancy in the

development of the thyroid lesions is pointed out. The calculated risk
of a mallgnant lesion of the thyroid in the Marshallese varied between 3

and 10 cases per 108 persons per rad per year for the different age groups.

Based on these few cases the rlsk for thyr01d cancer from radlolodlne

- exposure does not appear to be very different from that reported in persons

following X-radiation of the neck region as children.
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Fig.
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Fig,

Fig.

Fig.

FIGURES NOT AVAILABLE °~ s>
|

LEGENDS
New village at Roﬁgelap constructed for return of people in 1957.

Exposure of thyroid at surgery showing nodules. The nodules

v |

were benign,

~Excised thyroid shdwing bénign nodules.

Excised thyroid showing malignant nodule in upper rlght lobe.

Autoradlograph of section made through a nodule of thyroid

with benign lesions. Lack of gralnsj(superimposed blackening)

shows that adenoma in center is nonfunctioning. H. and E. s:ain,":

!
|

magnification X14. _ i

Section of thyroid show1ng 2 benign paplllary adenomas. H, and E.--

stain magnification X14
i

Multipie clusters of what appear to be atypical proliferating
cells in a thyroid which contains seQeral large discrete adenomas.
1 o

The lesions were considered benign, :H. and E. stain, magnification X20.
i :

An area of atypical proliferating cells in a thyr01d whlch hadv
developed multlple discrete benign aqenomas. H. and E. stain 7
magnification X70 = j B
Follicular carcinoma of the thyroid %howing caésular invagtion-
in a 35 year old woman éxposed to fallout. This represented a
discrete mass as shown in Fig. 4., There was no lymph node
metastasis. H. and E. st&in, magnification X26.
Papillary:carcinoma demonstrating éxtensive connective Fissue

invasion within the lobe. This‘pa;iént had multiple cervical o

1lymph node metastasis. H. and E. stain, magnification X64.
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Fig. 11. One of two boys who have developed mxedema., Picture on left

.
e R . ;
.

hormone; picture on right shows marked growth and improvemeﬁt _
~1in appearance afte; 3 years of treaﬁment.
"Fig; 12, Relgtive patterns.of skeletal ﬁétur&tion ;nﬂ statufal éroﬁth.“f
(connected to devélopmental agesj i; the two‘boys who Bad

marked hypothyroidism. Comparison is with unekposed boys.»

the the dramatic change in siope of growth curves after thyroid-

" hormone administration.

t g

. Note to the Editof:

'j‘,[,t'a : If the Editor wishes he may group together figures 5-8 and
et figures 9 and 10. Y -

at 12 years'of age at the beginning of treatment with thyroid - -
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Table 1 .

Thyroid Lesions in Marshallese, March 1969

Island Group

Estimates
(Radiation Age at Thyroid Dose Thyroid Lesions Malignant Lesions
Dose-Gamma) Exposure (Rads, Radioiodines*) Per Cent*% Per Cent#**
Rongelap <10 500-1400 89.5(17/19) 5.3(1/19)
(175 Rads) >10 160%** . 8.8(3/34) - 5.9(2/34)
’ : all - 39.6(21/53) : 3.7(3/53)
Rongelap <10 275-550 0.0(0/6) T -
(69 Rads) >10 55 12.5(1/8) -
C all - 7.1(1/14) o _ -
UBririk <10 | 55-100 o.0¢0/60) R
(74 .Rads)’ >10 : 14 5.1(3/59) S LT(Y59) ¢
all L. 3.0(3/99) 1.0(1/99)
Rongelap <10 ' : 0.0(0/61) . R -
(unexposed) >10 - 2,.3(3/133) : S- I
| : all - 11.5(3/194) -

*Dose from 131,132,133,1357,

- ** Based on number now living.

ok Childten 10-20 years of age at exposure recelved doses between 160 and 500 rads.
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